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Abstract 
Firefighters always have high risk of sacrifices, because of the varied and complex environments of firefighting and emergency rescue 
they worked in. In this paper, we perform the investigation of sacrifices of firefighters in China. We focus on the cases involving 
firefighters’ deaths from 1998 to 2010, and select 88 cases involving 123 firefighters’ deaths stochastically to analyze the ages, types on 
duty, times and seasons of the dead firefighters, respectively. The ACCESS database software is used to make tables and figures in the 
paper. According to the statistic results, it is found that negligence, construction collapse, lack of protection, lack of experiences and 
technical skill faults are the primary reasons for deaths of firefighters. In order to reduce the deaths and injuries of firefighters, some 
suggestions are given, including to enhance the personal protection, to promote the ability of setting up reconnaissance, to obey the 
procedure of firefighting strictly, to strengthen the review of firefighting, to pay more attention to safety education, and to promote the 
abilities of fire commanders. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
The investigations of the firefighter deaths and injuries have been reported by many researchers [1-11]. Each year, the 
NFPA provides national statistics of firefighter deaths and injuries on their frequency, extent, and characteristics. In 2009, 
the US Fire Administration analyzed the sacrifices of firefighters in that year in the aspects of the types and the reasons of 
sacrifices [8]. Started from 2003, Michael J.karter. Jr and Joseph L. Molis reports the US firefighter injuries [9]. In their 
report, the sacrifices of US firefighters in the case of accident treatments or training for each year are discussed 
systematically. Michael J.karter. Jr and Joseph L. Molis analyzed the reasons of the sacrifices, the protections of the 
firefighters and the commands of the fire commanders, they advised to improve the protections of the firefighters and to 
enhance the capabilities of the fire commanders. 
Statistically, an average of 20 firefighters sacrificed each year of the past 12 years in China, because of the varied and 
complex environments they worked in. However, the studies on the sacrifices of firefighters in China are still in the early 
age. In 2010, Jin Jingtao and Liu Zhiguo provided the statistic of the sacrifices of firefighters, they advised to strengthen the 
protection of firefighters to avoid death on duty [10]. In the same year, Zhang Zhi studied the types and reasons of the 
sacrifices of US firefighters, he advised to promote the abilities of the fire commanders [8]. 
In this paper, we focus on the investigation of the cases from 1998 to 2010 involving firefighter deaths. We selected 88 
cases stochastically to analyze the reasons, ages of firefighters, times of death, types on duty and the capabilities of fire 
commanders. The ACCESS database software is used to make tables and figures. Finally, suggestions are given to reduce 
 
 
* Corresponding author. Tel.: +86-316-206-8825. 
E-mail address: xiadengyou@139.com 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
701 JIANG Lianrui et al. /  Procedia Engineering  45 ( 2012 )  700 – 704 
the sacrifices of firefighters, including to enhance the personal protection, to promote the ability of setting up 
reconnaissance, to obey the procedure of firefighting strictly, to strengthen the review of firefighting, to pay more attention 
to safety education, and to promote the abilities of fire commanders. 
2. Method 
By simple random method, the paper extracted n units as samples from the total N, by this way, each unit got equal 
chance to be extracted and no relevance and repellency between each another.  
Supposing nXX X,, 21 is a random sample from the total unit X , )(xF is the distribution function of the total 
unit X , thus
n
i
in xFxxF
1
1 )(),(  is the joint distribution function of the sample nXX X,, 21 . [13]    
In this paper, we selected 88 cases stochastically from that happened from 1998 to 2010 involving firefighter deaths, to 
analyze the reasons, ages of firefighters, times of death, types on duty and the capabilities of fire commanders. The 
ACCESS database software is used to make tables and figures. 
3.  Results and Discussion 
3.1. Firefighters’ death by age 
Table 1 shows the number and the age (involving the average, youngest and oldest age) of dead firefighters. As shown in 
table 1, there are 123 firefighters died on-the-job in the selected 88 cases, including 35 commanders (28.5 percent), 79 
soldiers (64.2 percent) and 9 firefighters in contract (7.3 percent), respectively. Obviously, the soldiers have the largest 
number of deaths, while the firefighters in contract (career firefighters) have the least number. A primary reason for the least 
death of the firefighters in contract is that they are not the usual firefighters in China, whose number occupies a little percent. 
However, the soldiers are the main power to perform the activities of firefighting or rescue emergency, their deaths on job 
take up the largest percent.   
According to the statistics, the oldest sacrificed commander was 43 years old, while the youngest sacrificed commander 
was 24 years old. The average age of sacrificed commander is 33.5 years old. The oldest sacrificed soldier was 31 years old, 
while the youngest sacrificed soldier was 18 years old. The average age of sacrificed soldiers is 24.5 years old. Especially, 
there are 27 sacrificed commanders younger than 30 years old, which is of 77.1 percents, and there are 70 sacrificed soldiers 
younger than 25 years old, which accounts for 88.6 percents. The oldest firefighter in contract was 38 years old, while the 
youngest firefighter in contract was 18 years old. The average age is 22.8 years old. The results directly demonstrate that the 
dead firefighters are always the young men who are lack of experiences of firefighting, not only for the soldiers and 
firefighters in contract, but also for the commanders. 
Table 1. The number and the age of dead firefighters 
Firefighter Number / percent Average age Youngest Oldest 
Commander 35 / 28.5 33.5 24 43 
Soldier 79 / 64.2 24.5 18 31 
Firefighter in contract 9 / 7.3 22.8 18 38 
3.2. Types of firefighters death 
Table 2 shows the dead types of the 123 firefighters, including explosion, electric shock, prick, falling, dropped, burn, 
poisoned, broken, drowning, vehicle accident and other. Three types of duties are involved: fireground, nofire emergency 
and other on-duty activities (e.g., inspection, maintenance and training duties). In the 123 dead firefighters from the selected 
88 cases, 79 died on duty in fireground, which occupies 64.2 percent; 29 died in the process of treating nonfire emergency, 
which makes up 23.6 percent; and 15 died in other on-duty activities, which takes up 12.2 percent, respectively. Obviously, 
the activities on fireground are the most dangerous, probably because of the varied and complex environments firefigthers 
worked in.  
As shown in Table 2, the dropped is the primary dead type of firefighters for the activities on fireground, leading to 37 
firefighters died on job, which occupies 46.8 percent of the deaths on fireground. The dead type of dropped on fireground is 
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primarily caused by construction collapse, which is very difficult to judge by firefighters in prior. It is hard to judge the 
collapse time and the collapse mode. Therefore, the suddenly happened construction collapse always leads to deaths of the 
firefighters working in the building by the type of dropped. According to the statistics, the second important type to death of 
firefighters on fireground is the vehicle accident, which is unexpected. The vehicle accidents on fireground lead to 18 death, 
which occupies 22.8 percent of the deaths on fireground. This result is directly related to the varied and complicated 
environments of fireground, so that a good organization of the commander is very important. However, the negligence of 
firefighters is probably another fatal reason for the deaths caused by vehicle accidents. Moreover, the types of explosion, 
electric shocks, falling, burn, poisoned, broken and drowning give 23 deaths in sum on fireground. As the construction 
collapse, explosion is always hard to forecast, therefore to obey the treatment rules is very important to reduce the deaths 
and injuries. The type of electric shocks, burn, and poisoned to deaths reflect the problems of lack of protections once again, 
which are seriously behaviors to disobey the action rules. Also, negligence, technical skill faults and lack of experiences 
bring partly contributions to the deaths. 
Table 2. The dead types of firefighters on fireground, nonfire emergency and other on-duty 
Dead Types Fireground Nonfire emergency Other on-duty 
Explosion 4 2 0 
Electric shock 4 0 0 
Prick 0 0 1 
Falling 3 10 3 
Dropped  37 5 0 
Burn 5 0 1 
Poisoned  5 2 0 
Broken  1 1 3 
Drowning 1 6 3 
Vehicle accident 18 2 3 
Other 1 1 1 
Total 79 29 15 
 
In the process of treating nonfire emergencies, the falling gives the most death number. The 10 deaths caused by falling 
occupy 34.5 percent of all deaths in nonfire emergency treatments. The dropped and drowning lead to 5 and 6 deaths, 
respectively. Besides, the types of explosion, poisoned, broken and vehicle accident give 7 deaths in sum for nonfore 
emergency rescue.  
It is noted that there are 15 deaths of firefighters occur in other on-duty activities, caused by the prick, falling, burn, 
broken, drowning, vehicle accident, and other. It is known that the other on-duty activities always have more peaceful 
worked environments rather than that of fireground and nonfire emergency, which demonstrates that the primary reason 
leading to death is negligence obviously.  
According to different natures of death, the 11 dead types in Table 2 could be related to these reasons: negligence, 
construction collapse, lack of protection, lack of experiences and technical skill faults. The primary reason of prick, falling, 
broken, and vehicle accident is negligence, construction collapse always leads to dropped, lack of protection cause electric 
shock, burn, and poisoned, while explosion and drowning are always due to technical skill faults. It is noted that the dead 
type is always not related to only one reason. For example, both negligence and lack of protection give contributions to burn 
and poisoned. Moreover, lack of experiences is very important.  
3.3. Firefighters’ death by time of a day and seasons 
Table 3 gives the statistic results of firefighters’ death by time of a day. Fig.1 gives the statistic results of firefighters’ 
deaths by time of a day (Fig.1(a)) and by season (Fig.1(b)). As shown in Table 3, the number of deaths occurred between 0 
am. and 6 am. is 40, which occupies 32.5 percent; 43 deaths occurred between 6 am. and 12 am., which takes up 35.0 
percent; 27 deaths occurred between noon and 6 pm., which accounts for 22.0 percent; and 13 deaths occurred between 6 
pm. and midnight, which makes up 10.5 percent of all the deaths. As we known, the activities on duty of firefighters in night 
always have more difficulties than that in daytime in the effect of dark. Surprisingly, the deaths of firefighters in daytime 
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have larger number and percent rather than that in night. The deaths occur in daytime makes up 57.0 percent, which is 14 
percent larger than that in night. This result demonstrates that firefighters always have more chariness in night, so that the 
unnecessary deaths could be avoid. In another word, firefighters should be very careful to perform firefighting or rescue 
activities not only in night, but also in daytime. 
Table 3.  The number and percent of dead firefighters according to time of a day and seasons 
Time of a day Number / Percent Season Number / Percent 
0 a.m. – 6 a.m. 40 / 32.5 1st 20 / 22.7 
6 a.m. – 12 a.m. 43 / 35.0 2ed 24 / 27.3 
12 a.m. – 6 p.m. 27 / 22.0 3rd 29 / 33.0 
6 p.m. – 12 p.m. 13 / 10.5 4th 15 / 17.0 
 
In Fig.1 (b), it seems that there is no definite different among the four seasons for the firefighters’ death on job. The 
percent of the four seasons are 23, 27, 33 and 17, while the number of death for the four seasons is 20, 24, 29 and 15, 
respectively. The fourth season has the least number of death, probably because of the fewer fires happened in the influence 
of cold weather, especially in north China. 
 
 
Fig. 1. The percent of dead firefighters, (a) for time of a day and (b) for seasons. 
3.4. Suggestions  
In order to avoid more sacrifice of firefighters, suggestions are given in the following parts for firefighters.  
Enhance the personal protection. Personal protected equipment is the basic requirement for firefighter, which provides 
enough protection against the dangers in fireground or nonfire emergency, such as electric shock, burn, and poisoned etc.  
Promote the ability of setting up reconnaissance. Fire reconnaissance is the precondition of knowing the fireground state 
in detail and successfully performing firefighting, and it brings scientific basis to the decision making. Therefore, the 
reconnaissance should be taken through all the process of firefighting.  
Obey the procedure of firefighting. Different firefighting procedures aimed at different fire objects have already been 
made, it is very important to obey the treatment procedure to avoid dangers.  
Strengthen the review of firefighting. As mentioned above, most the dead firefighters were young men lack of 
experiences, to review firefighting is a very efficient method to rich experiences of firefighters.  
Pay more attention to safety education. Because considerable deaths are caused by negligence, which is very regretful, it 
is very necessary to pay more attention to safety education.    
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Promote the abilities of fire commanders. As the leader of firefighters, the ability of fire commander is directly related to 
the success of firefighting. Fast judgment, correct decision and orderly organization are the basic requirements for fire 
commanders. It is suggested to reinforce the study of professional knowledge, the ability of getting information on 
fireground, training of thinking and psychology for fire commanders, so that the injuries and deaths of firefighters could be 
reduced. 
4. Conclusions 
   In this paper, we studied the sacrifices of firefighters in China, involving 88 cases and 123 deaths. The ages of firefighters, dead 
types on duty, death times of a day, seasons, and the capabilities of fire commanders are analyzed, according to the statistic results. It is 
found that most dead firefighters are the young men lack of experiences of firefighting; the dropped is the primary dead type of 
firefighters for the activities on fireground, while the falling gives the most death number in the process of treating nonfire emergencies; 
time of a day and seasons have little influences to the death of firefighters. Negligence, construction collapse, lack of protection, lack of 
experiences and technical skill faults are considered to be the primary reasons for death. In order to reduce the deaths and injuries of 
firefighters, some suggestions are given: enhance the personal protection, promote the ability of setting up reconnaissance, obey the 
procedure of firefighting, strengthen the review of firefighting, pay more attention to safety education and promote the abilities of fire 
commanders 
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